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(1) EOREWORD
The Xe(L) source at hox ~ 4.5 keV, a system of exceptional peak brightness, whose properties are

documented above in Sections I-1V, can be applied immediately to the experimental study of the
coupling of intense femtosecond x-ray pulses to all classes of materials.

(2) NA
(3) NA

(4) STATEMENT OF PROBLEM STUDIED

Attainment of Xe(L) Scaling Limit and Multiple Inner-Shell VVacancy Production

In order to apply the Xe(L) source to the study of material interactions, the brightness scaling must
be verified. The estimated brightness scaling limit for the Xe(L) system indicates that it would
produce an intensity of ~ 10'° W/cm? without the use of a focusing element. For a pulse length 1, ~ 1
fs, this gives a flux of ~ 10* J/cm? a magnitude that would saturate reaction channels with cross
sections greater than o, ~ 3.6 x 1072 cm® The K-shell cross sections ok for Ar, K, Ca, and Sc are
above this value, so it should be possible to produce selectively multiple K-shell vacancies in these
systems.
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(5) SUMMARY OF THE MOST IMPORTANT RESULTS

The Xe(L) system at A ~ 2.9 A exhibits all of the canonical attributes of a saturated amplifier. The key
observables are (1) sharp spectral narrowing, (2) the detection of a narrow directed beam (664 = 200
urad), (3) an increase in the amplitude of the emission and the development of an intense output (> 10°
enhancement), and (4) the observation of deep spectral hole-burning on the inhomogeneously broadened
spontaneous emission profile. Experimentally determined by two methods, (a) line narrowing and
(b) signal enhancement, the observations for several single-vacancy 3d—2p transitions indicate a range of
values for the effective linear gain constant given by g, = 25-100 cm™. It is shown that this result stands
in clear conflict with the corresponding upper bound estimated with conventional theory from prior
spectroscopic studies of g. = 40-80 cm™. Overall, the observed values deviate substantially from
expectations scaled to the spectral density of the measured Xe(L) spontaneous emission profile; they are
systematically too high. The most extreme example is the strongly saturated Xe3** transition at » = 2.71
A, a case that fails to reconcile the measured signal strength with the corresponding theoretically
predicted value by a factor exceeding 10°. The paradox is resolved with the Ansatz that the amplification
is governed principally by the saturated gain gs, not the conventionally described small signal (linear)
value g.. This interpretation is supported by the observation of deep spectral hole-burning, the signature
of strong saturation, that occurs uniformly across the spectrum of the spontaneous emission profile; the
effective amplification exhibits an anomalously weak dependence on the spectral density. One clear
manifestation of the saturation is the recording of high spectrally resolved x-ray yields that cause gross
structural damage to material in the film plane of the spectrometer. The behavior of the amplifier can be
best described as a system that undergoes explosive supersaturated amplification. The source of this
exceptionally strong amplification can be traced to the dynamically enhanced radiative response of the
excited Xe hollow atom states located in the clusters that are mode-coupled to the plasma waveguide
forming the amplifying channel.
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